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NONMETALLIC MAGHETIC MATFRIALS (SOVIET FERRTIES) .

Cand Tech Sci L. Rabkin,
Eagr B. Epshteyn

Metal magnetic materials, such as silicon transformer steel, which are
usually used at low frequencies cannot be used at high frequencies because eddy
currents cause power losses pronortionusl to the square of the frequency. To
use these materials at high frequencies they must be rolled into sheets 5-10
microns thick. Bowever, producing such thin materials presents difficult en- .
gineering problems and, as a result, these materials ar2 very expeusive and are

. "nov availasble for wide use.

e

Experimentation led to the development of magnetodielectrics, which ave
a pressed mixture of a finely-powdered ferromagnetic with an insulating maierial.
n Bach particle of magne.ic powder, whose size is sometimes measured in microns,
e is surrounded by a dielectric shell. Because of this shell, eddy currents and
losses are small, even at hignh frequencies, A disadvantage of magnetollelectrics
is their low magnetic permeability, due to the demagnetizing effect of gaps be-

tween magnetic varticles.

N | Megnetite is a nonmetallic magnetic material often found in nature. Its
S resistivity is almoct 1,000 times greater than that of iron; therefore, losses
due to eddy currents are negligible. Cores pressed from magnetite powder have 1
Jong been used for tuning rédio receivers. The magnetic permesbility of cyline
drical cores is two to three and that of annular types i1s seven to nine. Mag-
netodielectrics made from powdered alsifer and carbonyl iron, with permeability 1

from 8 to 30, are widely used in radio.

Materials used in radio must have high permeability (Jn the hundreds and
thousands) with low losses at radio frequencies. Extensive Soviet and foreign
research has revealed that if one of the three iron atoms in the cubic crystel
lattice of magaetite is replaced by an atom of nickel, manganese, or some other
element, materials can be produced with magnetic properties superior to magnetite.
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\ i These materisls are called megnetic ferrites. If one of three iron atoms is s
i replaced by an atom of zinec or cadmium in an elementary magnetite cell, non- | %
: magnetic ferrites are produced. ; N}
i The best ‘aagnetic properties are found in ferrites which consist of solid i“* o
R .

solutions of magnetic and nommagnetic ferrites » such as nickel and zine fer-
rites. The process of producing ferrites consists in carefully mixing exact
proportions .f the oxides of cuitable metals s pressing them into the required

forms and sizes, then roasting them at temperatures of 1,200-1,L400%C. Y i .
S~ . ? ;
The nickel-zinc ferrites, produced from the oxides of iron, nickel, and ’
zine, are of the greatest practicsl interest in radio engineering. 1)

Ferrites have o fine-grained crystalline structure with a eonchoidal ’
fracture and resemble ceramics in that they are quite hard, work poorly with PR -
cutting tools, but polish well with abrasives. They have th electrical prop-
ertics of a semiconductor and awpecific resistance of 10% - 106 ohms/em [5137,
that is, the spscific resistance is millions of times greater than that of me-
tallic ferromagnetice.

l‘uckel-zinc ferrites appear to be free of the defects of both sheet mag-
. netic materials and magnetodielectrics » that 1is, they have high magnetic per-
° meabilicy at radio frequex;cies with low losses.

Basic Properties of Nickel-Zinc Ferrites

The magneiic permeability of ferrites depends primarily on composition
and roasting conditions. Their initial magnetic permeability can vary from
one to several thousand, and the maximum permeability can reach 6,000-8,000.
Nickel-zire ferrites have low saturation induction of about 2,000-4,000 gauss.
Therefore it is expedient to use ferrites only in weak magnetic fields.

Six types of nickel-zine ferrites have been developed to meet the require-
ments of high-frequency engineering. They are desigrated by two letters shich
denote the compcsition of the original ferrites and by numbers which indicate
the average value of initial magnetic permeability. For exampl:, KTs-500 rep-
resents 8 material vhich consists primarily o a solid soluticn of nickel and
zine ferrites axd has an initial magnetic permeability of about 500.

Figure 1 ﬁppendeg » which gives the r~gnetization curve of three ferrites,
shows that in ferrites, as in other magnetic waterials, there is a decrease in
coercive force with an increase in initial magnetic permeability and also &
change in the hysteresis locp, which becomes narrower and steeper.

Magnetic materiais lose their magnetic properties when lLieated above a
" certain temperature called the Curie point. Iron, for example, loses its }
> magnetic properties at 729°C. Ferrites have a relatively low Curie point.
’ For example, high magnetic permeability types NTs-2500 end NTs-1000 have a Curie
point of 480 to -£1200C.

Lo Figure 2 [Eppende_c_l] shows the change in magnetic permeability of typical
- N ferrites over a wide temperature range. These curves show that the higher the
. initial permeability, the more it varies with temperature. If the permeability
of a ferrite is low, it loses its magnetic properties at higher temperatures. -

Studies of ferrites in a wide frequency renge showed that the higher the [
initial magnetic permeability, the more the latter depends on frequency (see
Figure 3 /fappended]/). For example, the magnetic permeability of ferrite NTs-

« 500 does mot decrecse noticeably up to 700 kc; that of ferrite NPs-100, up to
1-1.5 Mc; and that of ferrite NTs-40, up to 2 Mc. 1In a ferrite with high
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| magretic permeability, such as NTs-2500, the permeability drops sharply at N
. frequencies of 250-300 ke. Figure 3 also shows a curve of the loss tangent : (RN
5 tan # versus frequency for veak fields. It is seen that the lower the permea- e .
N * bility of a ferrite, the slower is the increase of loss tangent with increasing t Rk o
g frequency. )
} Application of Ferrites I‘,“ p)

L]

Because of their umisusl magnetic and electrical properties, ferrites are [ Y
of importance in solving certain radio engineering problems which could not be » '
golved with other magnetic rater!als. Open magnetic coures are churacterized
by lev losses and low magnetic permesbility (from units to tens). They are
usually used in receivers for high-Q coils as fixed and variasble inductances.
Closed mpgnetic cores, characterized by high magnetic permeability and consider- ﬁ
ably higher losses, are used in transformers and chokes. Nickel-zine ferrites
can be used successfully for these cores.

Ferrite E-shaped cores and armored closed types, used for high-frequency
transformers, are shown in Figure b /not included in this repert/. In this
- : ) case, a careful polishing of contuct surfaces ic important, becsuse the pres-
ence 7 even a small air gap between them reduces the magnetic permeability of
the core by 10-30% compared with solid coses. For frequencies of 20-40 ke and
- above, transformers with ferrite cores are superior to transformers with cores
made of expensive thinly rolled pemmslloy. Ferrite cores are especially useful
in the design of wide-band transformers for frequencies above 10 Mc.

- ’ Ferrite cores are widely used in radio receivers as fixed and variable
inductances in circuit coils and also as filter coils in certain radio equip-

v ment and equipment for long-distance wire communications. These coils are
. ; usually made with open magnetic cores. Armored cores with a gap, spool-shaped
cores, and E-shaped cores with a gap are all used in the lower part of the
radio-frequency bandi. These ccres hrve an effective permeability from 8-10
to 80-100. At frequencies of 0.5 Mc and sbove, cylindrical and spool-sheped
cores with permeability from 2-3 to 10-15 are used.

Ferrite cores permit the highest @ (500-600) in the 50- to 250-kc band.
S Figure 5 [Eot included in this reporf/ shows several types of spool-shaped
R N inductance coils which have a Q of 400-450 at 200 ke.

Ferrite cores can be used as tuning devices in radio receivers for assigmed
frequencies. With a movable cylindrical ferrite core 4-6 cm long, the coil
. inductance can Ye varied 25-30 times. This coil with the movable core is called
4 a ferroinductor. Cores of more complicated forms, such as coaxial or closed
coaxial, can be used to cunstruct coils in which the inductance varizs more ~

than 100 times.

-

Figure 6 lﬁot included in this repor§7 shows a radio mode) developed in
the Leningrad Branch of the Scientific Research Institute of Communications in
which the tuning core is mid~ of NTs-250 ferrite. Receivers tuned with fer-
rite cores nre considerably cheaper and smaller than receivers tuned by ganged
variable capacitors. Since the magnetlic permeability of ferrites, especially
of the high permeability type, varies sharply under dc magnetization, this P 4
property permits their use as a tuning element of recelvers by varying the
magnetizing current which passes through a special coil winding. By varying
the magnetizing current it is possible tu obtain a 100-Told variation of coil ‘|
inductance.

Ferrites can also be used as open cores in magnetic receiving antenmnas,
as clogsed cores in high-frequency magnetié amplifiers, and also as nonlinear
or impulse coils. ~The latter are apparently coming into wide use in radio

equipment.
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Ferrites, like all other magnetic materials vary slightly i
. ’ A b3 -
| lionths of a millimeter) with a change of magnetic field ﬁenﬁit;.a ;gigm;ic:p- o -
i - .. erby is known as magnetostriction. By using this property 1t is possible to - gy
s AR make:magnetostrictiva £1lters in which the regonators are ferrite cores. Since ¢ e

-Territes vary in resistance when the magnetizing field varies B

‘variable resistances (attemuators) in rf circuits. ehey cen be used

Ferrites can be used in many other high-fre k
o L OrTU88 e ea . " aigh- quency applications t
‘metal ferromsgnetics and magnetodielectrics. However, 1£preplaei:§ m:t::tp ;::-S "'.'l
. rc:upetics vith ferrites it is necessary to take into account the operating £
condition of the material and its specific properties. Otherwise such replace- ’

- ment can lead to negative results.

o dm;hen fe:r:.;e:x_' are used in radio equipment, it ie necessary 4o comsider the .
. ence O elr magnetic permeability on temperature, their
- dielectric losses, dependence of the loss tangert on fre:;uency, gdm ig:r:z%:m- "

tion induction. In cases where induction of more t
required, it is not feasible to use ferrites. - o 4,000-3,000 gauss 1s

[Aprended f1gures follow.7
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